Background: There have been no reliable scientific studies examining whether the interval between induction chemotherapy (IC) and initiating radiotherapy is associated with poor outcomes of nasopharyngeal carcinoma (NPC).
The impact of the interval between the induction of chemotherapy and radiotherapy on the survival of patients with nasopharyngeal carcinoma 
Introduction
Nasopharyngeal carcinoma (NPC) is the most common head and neck cancer in Southeast Asia. 1 Radiotherapy is the main treatment modality for NPC. With the advancement of imaging technology, the emergence of intensity-modulated radiation therapy (IMRT), and the application of concurrent chemotherapy in patients with advanced diseases, the survival rate of NPC patients has been significantly improved. 2 Numerous research studies have revealed that induction chemotherapy (IC) followed by concurrent chemoradiotherapy was relatively safe and could achieve a better survival than concurrent chemoradiotherapy in NPC patients by reducing the risk of death, tumor progression, and distant metastasis. [3] [4] [5] The study of Phase III trial by Sun et al showed that the combination of radiotherapy and chemotherapy with IC in locally advanced NPC with high-risk T3-4N1/TxN2-3M0 can significantly improve Some oncologists try to give radiation therapy as soon as clinically possible after the IC, whereas others delay the use of radiation with an interval of 3 weeks after chemotherapy. However, patients occasionally face a delay in starting their radiotherapy due to many factors including comorbid medical diseases, chemotherapy complications, and availability of radiation facilities. In less developed areas such as Hainan Province with a rather high incidence of NPC and limited resources in many settings (such as a shortage of radiation oncologists and/or equipment), a delay in starting radiotherapy is a major public health problem.
Various studies have proposed that the interval time (IT) from surgery to adjuvant therapy (radiation or chemotherapy) can have an impact in many types of cancers such as breast, colorectal, endometrial, head and neck cancers, and glioblastoma. [7] [8] [9] [10] [11] To date, there have been no reliable scientific studies examining whether the IT from IC to radiotherapy can be associated with poor survival outcomes of NPC. Neither has the optimal time from IC to initiating radiotherapy been examined. Thus, to address these research gaps, we performed a retrospective analysis to evaluate the effect of IT from IC to radiotherapy on oncological outcomes in patients with NPC. In this study, we define "interval time" as the time between the end of chemotherapy and the beginning of radiotherapy.
Patients and methods Patients
We retrospectively analyzed the medical data of patients with NPC who underwent IMRT and IC between December 2013 and November 2015 at the Hainan General Hospital, Haikou, China. Patients were eligible for inclusion in this study if:
• the patients had stage III-IVb NPC;
• the patients had not received radiotherapy or chemotherapy before; • IMRT was administered to the nasopharynx at a prescription dose of 68-72 Gy in 30-33 fractions; • they finished radiotherapy on time;
• they underwent no adjuvant chemotherapy followed by IMRT; • they had complete clinicopathological and follow-up data.
We ensured that all patients' information is anonymous before starting analysis. Two-hundred thirty-nine NPC patients were included in this study. All patients were staged according to the seventh edition of the International Union against Cancer Control/American Joint Committee on Cancer staging system. All patients provided informed consent before treatment. All patients underwent a complete pre-treatment evaluation, including medical history, physical examination, hematology and biochemistry, fiber optic nasopharyngeal biopsy, nasopharyngeal and cervical magnetic resonance imaging, chest X-ray, abdominal ultrasound, and Technetium99m-methylene diphosphonate whole body bone scan.
Treatment
All patients were treated by definitive IMRT plus concurrent chemotherapy with IC. All patients were treated with IMRT and fixed with a custom head-to-neck thermoplastic cast, with the neck resting on the stent. High-resolution CT scan was performed at 2 cm (slicing thickness 3 mm) below the sternoclavicular joint. Target volume was delineated sliceby-slice on CT scan of treatment plan.
The prescribed doses were 68-72 Gy in 30-33 fractions to planning target volume (PTV) of primary gross tumor volume (GTV), 60-62 Gy to PTV of high-risk clinical target volume (CTV1), 64-70 Gy to PTV of GTV of involved lymph nodes (GTVnd), and 54-56 Gy to PTV of low-risk clinical target volume (CTV2).
All patients were delivered with the concurrent chemoradiation regimen every 3 weeks during radiotherapy. IC consisted of docetaxel plus cisplatin (or nedaplatin) or cisplatin (or nedaplatin) plus fluorouracil and concurrent chemoradiation consisted of platinum-based single or two drugs given every 3 weeks for one to three cycles during radiotherapy. The patients received IC plus concurrent chemotherapy for at least three cycles.
Follow-up
All patients were followed at regular intervals by our department after radiotherapy. These follow-ups were every 3 months during the first 2 years, every 6 months for the next 3 years, and annually thereafter. The primary end points were OS, locoregional relapse-free survival (LRFS), disease-free survival (DFS), and distant metastasis-free survival (DMFS). All intervals were calculated from the date of the beginning of therapy.
statistical analyses c 2 test was used to assess the distribution and clinical characteristics of selected demographic variables. The survival curves of OS and DFS were calculated by the Kaplan-Meier method, and the differences between the two groups were compared by the log-rank test. Univariate Cox regression analysis was used to explore the risk factors of survival outcome. Using the Cox proportional hazard model, multivariate analysis of each prognostic variable was analyzed 
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Results

Patient demographics and baseline characteristics according to interval category
The baseline characteristics of patients are provided in Table 1 . Their average age was 47 years, and the median age was 48 years (range, 19-70 years). One-hundred ninety-four (81.2%) patients were male. All the pathological types were type II/III. There were 129 (54.0%) and 110 (46.0%) patients with stage III and IV diseases, respectively. There were 151 (63.2%) and 88 (36.8%) patients with 3 and 4-5 cycles of chemotherapy, respectively.
The median IC-IMRT interval was 9 days (range, 1-76 days). One patient had an interval of 76 days between rounds of treatment. At this point, his clinical stage was T1N2M0, but due to financial difficulties he could not afford radiotherapy after having two cycles of IC. This meant that by the time he and his family had raised enough money for the radiotherapy it was the Spring Festival (Chinese New Year) holiday, which resulted in the delay of 76 days mentioned earlier. However, with this patient it was found during subsequent checkups that 43 months after finishing his treatment there had been no recurrence or metastasis. Overall, the number of cases whose IT was >3 weeks was relatively small, and so the patient was not ruled out by us. A total of 25%, 50%, and 75% of the patients were distributed within 6, 9, and 16 days, respectively. Based on the interval between IC and IMRT, the patients were classified into three groups as follows: Group A (≤7 vs >7 days), Group B (≤14 vs >14 days), and Group Table 1 . There were more patients receiving three cycles of chemotherapy in the patients with an IC-IMRT interval of ≤7 days in Group A (≤7 vs >7 days) and an IC-IMRT interval of ≤14 days in Group B (≤14 vs >14 days). There were no significant differences in patient characteristics in Group C (≤21 vs >21 days).
The median follow-up time was 40 months (range, 4-58 months). The 3-year OS, DMFS, LRFS, and DFS were 82.7%, 87.5%, 92.5%, and 80.6%, respectively. Thirty patients with details on treatment failure are listed in Table 2 . There were less patients with LRFS in the patients with an IC-IMRT interval of ≤7 days in Group A. Table 3 shows the univariate analyses of survival outcomes. The IC-IMRT interval including Group A, Group B, and Group C was not significantly associated with OS, DMFS, LRFS, or DFS. The multivariate analysis shows that the tumor stage was the independent significant predictor for OS, DMFS, LRFS, and DFS in 
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Yang et al Figure 1 . There was no significant difference in OS and DFS among Group A, Group B, and Group C. But, it appears that there was a trend toward improvement in the outcome of ≤7 days group in OS from the Kaplan-Meier curves. Abbreviations: DFs, disease-free survival; DMFs, distant metastasis-free survival; lRFs, locoregional relapse-free survival; Os, overall survival. 
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Yang et al radiotherapy. Following these positive results, IC has become a more promising treatment. 6, [12] [13] [14] However, no published scientific or clinical data to support an exact time frame between IC and concurrent chemoradiation are available yet. This is the first research to explore the impact of timing between IC and radiotherapy on outcomes in patients with NPC.
Comparison of the results of iT in previous research
Positive results
The IT of adjuvant therapy after surgery has been extensively reported by previous studies. Several retrospective cohort studies have found that a longer IT is associated with poor oncological outcomes for patients with breast, endometrial, head, and neck cancers. [9] [10] [11] 15 In some studies, 16 ,17 distant metastasis rates also appeared to increase in women who received radiotherapy for >8 weeks postoperative. In patients with unresected head and neck cancers, delays of 1 month in the initiation of radiotherapy tended to increase the risk of local recurrence at 5 years. [18] [19] [20] For head and neck cancers, patients who started radiotherapy >6 weeks after the operation had a higher chance of local recurrence. [21] [22] [23] [24] In one study, 25 the 5-year survival rates of patients with nonsmall-cell lung cancer receiving radiotherapy at 1-6 weeks, 7-8 weeks, and >8 weeks after surgery were 61%, 46%, and 30%, respectively. Recently, a study on 308 endometrial cancer patients found that delay (≥9 weeks) in beginning adjuvant RT after hysterectomy was associated with poor survival outcomes. 26 
negative results
Interval timing of postoperative radiotherapy after breastconserving surgery was not significantly associated with time to local recurrence, FFS, or OS in patients receiving adjuvant endocrine therapy for radiotherapy who had a delay of up to about 20 weeks between treatments as found in the study by Clarke et al. 27 In the trial of the International Breast Cancer Research Group, there was no significant correlation with LRFS, DFS, and OS between the timing of radiotherapy after breast-conserving surgery in patients receiving initial or endocrine therapy. 28, 29 Two populationbased cohort studies also found that starting radiotherapy soon after breast-conserving surgery did not improve longterm survival in patients with or without chemotherapy. The study of He et al 30 showed that the delay in the beginning of IMRT in locally advanced breast cancer did not increase the likelihood of locoregional recurrence, distant metastasis, and death.
Our result
In our current analysis, characteristics in ≤7 and >7 days groups are relatively balanced (Table 1) . Although there were more patients receiving three cycles of chemotherapy in the patients with an IC-IMRT interval of ≤7 days in Group A (≤7 vs >7 days), the multivariate analysis shows that the cycles of chemotherapy were not the independent significant predictor for OS, DMFS, LRFS, and DFS (Table 4) . Although time interval between IC and definitive RT was not significantly associated with OS, DMFS, LRFS, and DFS, shorter time interval patient groups showed better oncological outcomes. In Figure 1 , shorter time interval patient groups showed higher survival curves (OS and DFS) during all time of follow-up duration compared with longer time interval patient groups. Moreover, the survival curves did not cross each other. This phenomenon was particularly evident in Group A (≤7 vs >7 days). It appears that there is a trend toward improvement in the outcome of ≤7 days group in OS and DFS from the Kaplan-Meier curves. In addition, patient group with a time interval of <7 days showed no locoregional recurrences (Table 2) .
Thus, we suggested that patients should start IMRT as soon as possible after IC. It is also feasible to postpone radiotherapy for 1-3 weeks if patients were unable to receive radiotherapy immediately due to chemotherapy complications such as bone marrow suppression.
Limitations
The weakness in this study should be acknowledged. First, the data were collected from a single institution. Furthermore, plasma Epstein-Barr virus (EBV) DNA [31] [32] [33] was not given consideration since the data of plasma EBV DNA were incomplete. Moreover, median follow-up time was 40 months in this study. The long-term outcome needs a followup of >40 months in order to document it in more detail. It is impossible to analyze the impact of an IT of >4 weeks or longer on survival because there were few cases in these patients who had a longer interval.
Conclusion
It is feasible to postpone radiotherapy for 1-3 weeks if patients were unable to receive radiotherapy immediately due to chemotherapy complications such as bone marrow suppression. However, we suggest that patients should start IMRT as soon as possible after IC.
